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Abstract 
Companies invest large amounts of money in new technologies. Not surprisingly, much of the research 
carried out in relation to IT-investments has focused on the adoption of new technology and the 
related implementation barriers such as knowledge barriers and psychosocial factors. However the 
process of abandoning old technologies has not been so much in focus. 
In this paper the analysis focuses on renewal investments where subsequent technology generations 
fulfil a similar application role. Taxi Stockholm is used to illustrate this long-term process where 
slowly evolving requirements on the dispatch function over time forces technology changes.  
A CCT-model is presented using Customers, Companies and Technology as factors to support the 
understanding of technology shifts. This model is used to express the relation between the application 
role and technology generations. The importance of considering not only a complete life cycle of a 
specific technology, but also multiple such technologies providing a long-term perspective is stressed.  
As the use of IT mature in companies, adopting new technologies increasingly means abandoning old 
technologies. By combining a business perspective (through the application role), a technology 
generation perspective and a technology switching perspective and finally adding the time component, 
an analytical expression is finally presented. 
Keywords: technology adoption, life-cycle approach, technology abandonment, technology switching. 
1 INTRODUCTION 
Companies invest large amounts of money in new technologies. There is a widespread assumption that 
the mechanism of innovation is closely related to such investments, which often are IT-related 
(Baskerville & Pries-Heje 2001; Karlsson & Nyström 2003). Investing for innovation purposes 
however, imply a high degree of uncertainty since aspects such as timing and cost control issues often 
turn out to be difficult to manage.  
Not surprisingly, much of the research carried out in relation to IT-investments has focused on the 
adoption of new technology and the related implementation barriers such as knowledge barriers 
(Attewell 1992) and psychosocial factors (Orlikowski 1992). The process of abandoning old 
technologies has not been so much in focus; instead the adoption has been central for IT-innovation 
studies. This type of research often assumes investments and implementation of new technology to be 
clean slate projects with little or no pre-existing applications to be considered. However this 
conception of technology adoption tends to ignore the organization’s existing IT-portfolio and current 
solutions. 
Our observation is that the fact that companies today manage quite complex IT portfolios that evolve 
over time (Mårtensson 2003) has not yet fully influenced the IS research community. The amount of 
research on this issue does not reflect its importance for practitioners, even though some scarce 
research does exist (e.g. Weill & Vitale 1999; Ward & Peppard 2002). In this paper we will thus focus 
our analysis on renewal investments where the application role remains stable, but subsequent 
technology generations result in overall improvement of the organization’s IT platform. Thus, our 
research aims at covering not only adoption and implementation of new technology but also 
abandonment of obsolete technology. 
Abandonment is often motivated by lacklustre performance of old technologies, which may be due to 
the economical, technical or physical ageing of existing technologies (Karlsson 1988), government 
legislation (Achilladelis & Antonakis 2001), competition among firms (Leoncini 1998), etc. 
Independently of the underlying reasons that may initiate the renewal process, decision-makers often 
face a challenging problem to find the optimal timing of the technology transition. The abandonment 
of old technologies implies high costs due to path dependencies arising from earlier applications. The 
issue then is to be able to maximize the utility of existing technologies, minimize the switching costs 
of the transition and at the same time cope with uncertainty. 
Starting from the technology life cycle, this paper discusses how sequential technology generations 
fulfil an application role in the company. This will be illustrated by the Taxi Stockholm case. An 
analytical model that describes the process of technology switching at organizations is finally 
presented. The discussion aims at increasing the understanding for the application development 
through successive technology generation renewals. 
2 TECHNOLOGICAL CHANGE 
Schumpeter (1939) based his ideas on technological change on the assumptions of disequilibrium, 
nonlinearity, cumulativity and path-dependency. Many, if not most, theories on technological change 
have since then been based on Schumpeter’s work in some way. The technological system theory 
(Metcalfe & De Liso 1996) is one example. Leoncini et al (1996 p. 417), use the concept of 
technological system by taking into consideration different interacting components to explain 
technological change. They suggest four sub-systems as important when explaining the root of such 
change: the science and technology sub-system, the industrial sub-system, the commercial-market sub-
system and the institutional one. Thus their effort tries to explain technological change beyond the 
analysis of particular technological artefacts. This effort is similar to the approach taken in this paper, 
which will apply the product life cycle beyond the individual product or technology by analysing the 
application portfolio in the company. 
2.1 The Life Cycle Concept 
The life cycle concept is well established both empirically and theoretically. The term was introduced 
during the early decades of the 20th century (Kuznets 1929; Schumpeter 1939). The concept was 
developed later during the 1960s by Vernon (1966) and Hirsch (1967). Since then a number of 
researchers have contributed to the establishment of the concept (cf. Kim 2003 p. 372). 
The product life cycle theory explains how a product develops through a number of different phases 
from introduction to growth, maturity and decline (Forrester 1963; Brockhoff 1967). Karlsson (1988), 
based on Cole (1981) and Batten (1987), even considers a conceptualisation and creativity phase prior 
to product introduction, which we find important to take into account for the purposes of this paper. 
Although the number of stages and their labels differ the general idea remains the same i.e. to explain 
the product’s development through its total life span. In Figure 1 below we illustrate our 









Figure 1.  Product Life Cycle 
The product life cycle concept has shown to be a powerful analytical tool to describe product 
development. Therefore the concept has been applied at different levels not only to study products but 
also e.g. technological innovations (cf. Bauer & Fischer 2000; Chase, Aquilano & Jacobs 2001). Kim 
(2003) defines a technology life cycle as the life cycle through which a technology generation evolves. 
Thus we would like to introduce for the purpose of this paper the concept of the application life cycle, 
which is closely related to the earlier uses of the concept. The application life cycle however differs 
from the technology life cycle since it deals with a company applying some technology to create a 
value proposition rather than a technology itself. 
2.2 A Company Perspective on Technology Change 
It is noteworthy that even though product life cycles are commonly applied on products, and thus 
linked to the typical S-shaped curve of diffusion (Rogers 1995), it is more seldom applied to an 
organization’s use of a technology. In 1974, Gibson and Nolan (1974) published an influential article 
on stages in electronic data processing growth suggesting four stages of growth: initiation, contagion, 
control and maturity.  
A slightly different approach was used by McFarlan et al (1983) who identified four phases for 
technology assimilation, i.e. instead of studying the electronic data processing of the whole company 
(as Gibson & Nolan did), they studied the assimilation of a specific technology. The four phases are 
Identification and initial investment, Experimentation and learning, Control and finally Widespread 
technology transfer. With minor adaptations this model is still in use (see for instance Applegate et al. 
1999). 
There may be many reasons for the exclusion of the abandonment phase from the model. In Gibson 
and Nolan’s case (1974) this is to be expected since they are studying the company’s use of 
information technology, which is likely to be an on-going process up until the company itself is closed 
down. In McFarlan et al’s case (1983) one interpretation is that the model is focused on assimilation of 
new technology. The decision not to deal with the abandonment of the technology is however not 
made explicit. Other studies, such as Nilsson (1991), present a life cycle model for information 
systems consisting of the three phases development, operations and maintenance and 
decommissioning.  
Quite naturally, innovation studies have traditionally focused on the early stages of the product life 
cycle, that is product introduction and market growth. However, the mechanism of innovation and 
technical change can be explained by not only the introduction of new technology or the imitation of 
existing technology but also by the removal of an obsolete technology (cf. Karlsson et al. 2003). 
In this study we will focus on the abandonment of obsolete technology and the interrelation with 
adoption of the next technology generation. Therefore we will study subsequent life cycles for a 
particular application through its development along technology generations. To do this we will now 
turn to Taxi Stockholm and see how that organization has lived through several technologies related to 
their taxi dispatch system. 
3 TAXI STOCKHOLM 
3.1 Company Introduction 
Taxi Stockholm AB is a taxi driver company owned by Taxi Trafikförening, a 101-year-old Swedish 
cabdriver cooperative with a membership of about 1,000 taxi owners. Operating in a deregulated 
market, Taxi Stockholm runs by far the largest taxi circuit in Sweden with over 1,500 vehicles and a 
total capacity of around 50,000 transport requests per day. In year 2000 drivers completed 9.3 million 
trips representing a turnover of 1,500 million SEK and a profit of 9.1 million SEK. Taxi Stockholm 
employs 163 people and has 3,840 cabdrivers associated. 
The heart of Taxi Stockholm is located at Luntmakargatan 64 in downtown Stockholm where the 
dispatch system matches around 25,000 transport requests per day with available cars. Reservations 
pass through the customer service centre and are relayed on to drivers via the taxi dispatch system. 
The technological platform of Taxi Stockholm is built upon four different systems where the dispatch 
system is one of these four components (see Figure 2). The Telecom system is the interface used when 
the customer proceeds with a Taxi reservation. Once the customer transport need has been registered, 
the Dispatch System matches the requirement with an available car. This system represents the heart 
of the Taxi business. The next component of the platform is the Radio system keeping track of Taxi 
Stockholm’s entire taxi fleet. Finally, the Mobile Equipment component constitutes technology 






Figure 2.  Technology Platform Components at Taxi Stockholm 
Today, it takes around six seconds to allocate an idle car from the instant the customer contacts Taxi 
Stockholm’s call centre. The underlying dispatch process can be divided into four different steps. 
First, a customer contacts the call centre through any of the channels available (telephonist, Interactive 
Voice Response, Internet etc). Secondly, the confirmation of location process starts. The main 
objective is to identify the origin of the customer. Thirdly, the dispatch system allocates a car. Finally, 
the car is contacted and it picks up the customer. 
Situated at the heart of Stockholm the call centre carries out the allocation of customers and taxi 
drivers. The main parameter that influences the allocation process is the location of the customer. The 
city of Stockholm is divided into 200 zones and any zone that currently contains a customer that has 
required a taxi is called a primary zone. Each such zone has a number of adjacent zones called backup 
zones. The customer is assigned among the available taxis in the primary zone. If there is no available 
taxi in that zone an available taxi in a backup zone is selected. 
 
3.2 Need for improved mobility 
Taxi Stockholm computerised its dispatch system already in 1984. The company then used a 
combination of Telia and Volvo systems called Taxi80. The system was originally developed by a 
small organization Volvo Traffic Information Systems within Volvo Busses in the late 1970s. The 
name was chosen because the company tried to sell the system together with taxi cars for the Moscow 
Olympics in 1980 (Holmén & McKelvey 2002). Later on, Telia further developed the system for 
mobile data applications by integrating it with its Mobitex system for radio communication. It lasted 
until 1991 when Taxi Stockholm migrated to a Motorola system called TaxiPak. Lack of programmers 
of the old RSX11-language used in Taxi80 increased consult tariffs incurred when upgrading the 
system. Thus it quickly became obsolete. The migration was performed by a forklift, or big bang, 
process where the old system was replaced all at once. The migration was problematic and resulted in 
extensive downtime periods.  
When the new Motorola system was implemented it allocated twelve frequencies to the twelve masts 
located around the city. Each mast therefore used one radio channel and when a car moved between 
different city zones, the radio channels were allocated to the car depending on proximity to the masts. 
However, the channels easily become overloaded, especially in dense areas such as the city centre. 
One consequence was that drivers had to wait up to 30 seconds between interactions with the mobile 
terminal. Drivers were annoyed at this. Attempts to reduce the interval down to ten seconds failed due 
to traffic congestion problems. Bandwidth shortage led the company to revise the Motorola based 
infrastructure. Thus, load balancing was a driving factor behind the late 1990s upgrading of the 
system. Re-using the limited number of channels to obtain better load balancing was an important 
requirement for the new system. 
Another problem with the old system was the process of checking into a particular zone. With 
TaxiPak, drivers used to check into a zone manually. This process was inefficient and caused lost 
business. For example, drivers were aware of the high demand on the route Kista – Arlanda (a route 
joining Kista, a dense industrial suburb, with Arlanda, the main airport). Many drivers on their way to 
Arlanda airport checked into the Kista zone, even though they had not even arrived at the airport yet! 
As a consequence, available taxis arriving to Kista were allocated high queue numbers on check-in at 
the area. A large number of available taxis therefore left the zone, discouraged of getting any customer 
although no free taxis were actually available at Kista as they had yet to arrive. An automatic check-in 
process dependent only on the car’s location and not on drivers’ wishes was therefore required. 
Finally, the taxi industry is shifting from the traditional radio/voice method of managing fleets to more 
efficient data operations. This implies future customer demands that cannot be addressed by today’s 
system. For example, Taxi Stockholm expects that precise information on time of arrival will soon be 
required by customers as will route taxes based on distance rather than the taximeter. Moreover, 
drivers are in need of advanced information and probably future services like navigational systems, 
Internet access, etc. These expectations and others, not yet identified, will have to be meet by the new 
system. 
Better load balancing, an automatic check-in process and future customer information requests 
represent the main needs for improved mobility identified at Taxi Stockholm. 
3.3 Migration 
Due to the aforementioned problems, the company realised that their technology platform had to be 
modernised to meet future customer demand. The process started in 1998 when a group was 
established to revise the dispatch, radio and mobile systems. 
Market research was carried out, and around ten different potential providers were evaluated. Taxi 
Stockholm decided to abandon the Motorola platform and to install a solution provided by a Canadian 
company called Digital Dispatch Ltd. Digital Dispatch System (DDS), the company’s flagship 
product, would provide Taxi Stockholm with a complete solution for the dispatch (PathFinder), radio, 
and mobile terminals at the cars. The company abandoned the Motorola system for two reasons, 
namely Motorola’s decreasing interest for the taxi industry and the fact that the terminal equipment 
offered by the company was based on thin clients, without any processing capacity. Due to a slow-
connection of 9600 bps Taxi Stockholm’s fleet needs processor capacity at the terminals in order to 
decrease traffic-load. 
The upgrading of the system was to be performed during a three-year period. The migration strategy 
agreed upon was a seamless upgrade instead of the forklift approach used previously. The company is 
today halfway with the implementation, which will be carried out in three different steps. 
First, the radio infrastructure will be upgraded. Two main goals will be achieved with the upgrade of 
the system. Due to the bandwidth shortage in the current infrastructure and the fact that no additional 
frequencies will be made available by Sweden’s National Post and Telecom Agency, frequency reuse 
was necessary. DDS will deliver a new infrastructure that places each frequency on three adjacent 
masts instead of one frequency per mast. To avoid interferences between the different radio signals, 
base stations send alternately within short time intervals. Allocation of frequencies on several masts 
increases capacity, especially in highly dense areas such as Stockholm city. The other goal with the 
new infrastructure is to achieve higher throughput in the network. These two actions will increase the 
capacity of the network by 50%, which enables for faster interactions with the mobile terminals, 
availability of new services from the cars, etc. 
Second, the mobile terminals in the cars will be replaced with a DDS terminal. The replacement has 
been carried out gradually by one frequency channel set up and 50 terminals installed at a time. Finally 
the dispatch system will be replaced. Pathfinder will replace TaxiPak. However, the upgrade will be 
postponed if problems are experienced before that. 
3.4 Technology Shifts 
One of Taxi Stockholm’s most essential business needs focuses on the dispatch of customers. In the 
description above we can observe how the company over time has implemented three different 


























Figure 3.  Technology Shifts at Taxi Stockholm 
The different technology generations were implemented to improve and at the same time meet the 
needs of the customers to be dispatched. The need to dispatch customers remained stable over time at 
the same time that opportunities derived from new technological advancements changed the way and 
level of efficiency of the dispatching process. The timing and decision of technology renewal was 
central for the company to become a leader of an old fashioned industry. 
4 DISCUSSION 
4.1 Application Roles and the CCT-model 
The story of Taxi Stockholm can be considered as an example of technological change at the 
organizational level. To explicate the process leading up to the need for technology generation 
switches we would like to introduce our CCT model (see Figure 4 below). Its core components 
Customer, Company and Technology can be found in other frameworks such as Björn-Andersen, 
Henriksen et al’s (2003) MTO-framework consisting of Market, Technological and Organizational 
factors (ibid., p. 156). Our CCT-model builds moreover on Leoncini et al (1996) components 
described above, namely science and technology, industrial, commercial-market and institutional. 
Worth to notice is that the institutional component is not explicitly included in our model since the 
focus of the article is on the organizational level. This is not to be interpreted as if institutional factors 
are not important. Rather, other factors are in focus and it is fully acknowledged that the factors of the 
model exist and interplay in an institutional environment.  
The CCT-model helps us to understand technology shifts by addressing the following three aspects: 
• What does the company offer? 
• What do the customers demand? 
• What can the technology provide? 
The intersection between Company and Customer reflects the organization’s value proposition; there 
is an application role to be fulfilled. For example Taxi Stockholm’s value proposition is to dispatch 
customers with transportation needs. Therefore the company makes use of a dispatch application to 
fulfil this need. The dispatch value proposition of the company is therefore fulfilled by the dispatch 
application role. This role can be fulfilled by different technologies reflected by Technology circles of 
varying sizes each covering different areas of this intersection. These circles are not stable over time; 












Figure 4. CCT model 
The CCT model presents a snapshot of how these factors interact. Over time Taxi Stockholm and its 
customers have had a need for efficient dispatch of available cars to prospective customers. In CCT-
terms this is reflected by the intersection between Company and Customer (the organization’s value 
proposition). Over time this has evolved as what the customers demand and what the company wants 
to offer has changed. The taxi industry is shifting from the traditional radio/voice method of managing 
fleets to more efficient data operations. Moreover customers have shifted their behaviour from hailing 
taxis on the street to reserving through the call-centre. In the future a customer may for example 
demand precise information on time of arrival, route taxes based on distance and not based on the 
taximeter, etc. This is conceptually illustrated in Figure 5. 
Company Customer Company Customer  
Figure 5.  Evolving Application Role 
At the same time several technologies have met this value proposition as described in the case above. 
At a specific point in time a certain technology, when applied by the company, manages to meet this 
application role to some extent. In CCT-terms this means that the Technology circle partly covers the 
intersection between the Company and the Customer. For example, the underlying technology in both 
the Motorola and the DDS system fulfilled the need of dispatching customers. However the DDS 
system through reallocation of frequencies could offer a better-suited technology and therefore the 
intersection with the value proposition is larger as showed in a similar figure (see Figure 6) below.  








Figure 6.  Different Technology Generations at a Certain Point in Time 
Over time these circles will evolve in the same way as illustrated above in Figure 5. Technology 
develops and more efficient ways of dispatching customers appear. This indicates that the time aspect 
is therefore central in such an analysis. 
4.2 Application Role and Technology Generations 
A different way of looking at this is to study the relation of technology generations and the application 
role over time. The application role is constantly evolving over time and different technology 
generations could provide this utility to varying degrees as illustrated in Figure 7. The application role 
function can conceptually be thought of as corresponding to the area of the intersection between the 
Company and Customer circles in the CCT-model. The different technologies on the other hand 





















Figure 7.  Application Roles and Technology Generations. 
Figure 7 illustrates to what extent different technology generations are able to fulfil the application 
role. At any given time there may be multiple technology generations that to varying degrees are able 
to fulfil this role. Companies more or less continuously have to evaluate emerging technologies to 
determine whether switching to a new technology generation is warranted or not. This process 
corresponds to Karlsson’s (1988) product life cycle phase of conceptualisation and creativity prior to 
the introduction phase (see Figure 1 above). The company also has the option of deploying either one 
of these technology generations or multiple concurrent generations, i.e. there are different ways of 
switching technologies. 
4.3 Technology Switching 
Apart from the continuous challenge of reaching the full potential of different solutions, companies 
also face the challenge of managing technology switching. Even if, as in this simplified case, it is at 
every point in time apparent which technology generation is superior, timing issues become critical 
due to the lead times involved when switching technologies. 
Looking from a timing perspective there are a number of factors that influence technology transition 
decisions that can be expressed in analytical form. The goal normally is to maximize the utility from 
the application (U(t)). At any given point in time there can be one or more technology generations able 
to provide this utility to different degrees. If F(t) denotes the fraction of application utility potential a 
certain technology can provide for the company at time t, F(t) will always assume a value ≥0 and ≤1. 
In CCT terms F(t) corresponds to how much of the intersection between Customer and Company that 
is covered by the Technology. U(t)•F(t) will represent the utility the company enjoys has it 
successfully deployed the technology. 
In a simplified case a company deploys one technology to gain the utility of a certain application. If 
D(t) is used to denote whether a technology is deployed at time t, it will assume the value of 1 if the 
technology is deployed and 0 otherwise. The utility gained from time 0 to time T by deploying a 
















, where Fi and Di corresponds to technology generation i. 






This simply implies that if one (and only one) technology were deployed, D(t) would be 1 for this 
technology and 0 for all others. If multiple technologies are deployed they must be weighed in a 
manner so that the “sum of their deployment functions” equals 1.  
The two simplified migration strategies of big bang and gradual from Technology 1 to Technology 2 







Big Bang Gradual  
Figure 8.  Deployment Functions 
In terms of traditional life cycle research (e.g. Brockhoff 1967) the deployment function plays a role 
similar to the penetration level of a product in the market. In the big-bang case Technology 1 goes 
from a penetration of 100% to 0% overnight as it is overtaken by Technology 2. In the gradual shift 
this takes place over some period of time.  
The analytical expression [1] above is obviously quite intricate to evaluate, but it does encompass 
three different important aspects when considering different technology generations: 
• U(t) covers business aspects and is related to the company’s value proposition. Technologies are 
not an end in themselves but instead a means to achieve some business goal, i.e. to fulfil some 
application role in the business.  
• F(t) implies that the potential utility the technology can offer, if successfully implemented in the 
organization, varies among technologies. The utility the company gains from implementing the 
technology in reality will of course depend on how successful the implementation is. The success 
can for instance depend on user perception of usability and the organization’s ability to make the 
best possible use of the technology. 
• D(t) incorporates the fact that when switching technologies there are different ways of going about 
it. For the purposes of this paper only the two main alternatives big bang and gradual solutions 
have been discussed.  
Finally, expressing these factors as functions of time implies that things are evolving over time.  
5 CONCLUDING REMARKS 
As the use of information technology in companies mature, adopting new technologies increasingly 
means abandoning old technologies or, maybe even more common, having different co-existing 
technologies. By combining a business perspective (through the application role), a technology 
generation perspective and a technology switching perspective and finally adding the time perspective, 








By explicitly considering not only the complete life cycle of a specific technology deployed in the 
company but also multiple such technologies, this expression contributes to a long-term perspective. 
The importance of discussing processes longer than a technology generation is often underestimated 
and existing theories and tools tend to take a technology generation perspective. This is of course 
important, but adding a longer-term perspective is also beneficial. 
To conclude, it should also be noted that there are a number of simplifications made in this paper. For 
instance, the discussion above implicitly assumes, for simplicity reasons, that the potential utility of an 
application is a given and that different technologies have different abilities to achieve this utility. In 
reality there is almost certainly more of interplay between different aspects than the discussion above 
implies. Since an important message in this paper is the distinction between application roles and 
technology generations, which we believe is often neglected or ignored, we find it necessary to be 
(maybe overly) explicit on this point. 
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